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zmmcop nm^mm-^xo^mumm^z^ 
xmm ztitzwm^mwm *^L&^mvim& l® 

n m&zmA,T&wt&5k« m 1 rx/w, 2 mnmcom 1 

ri/w. 2*mwm z-ttsz 1 1 , 

mriEgg 1 ^«sJi_htffitft^fLfem 1 amffifc . Miem 

fulEJfl 2 ¥3WWB±£ffi!f6 2 ftfcS 2 ±«ffi t . MISSB 
2±«®iMf57KKai L®£?I o 3S3l3fcS:S£a L&t ^ 

S Miem 1 AtfSB 2 mffi; y H <7>I81£»B5» 
(i2 5 *OTfcRje3*i.4 Ztt. 

im&mmm<m&±.i£Wt®. £ ftfcss 1 axm 2 &mm 
t. 

mmm 1 sx/9t2wmm±izwst^tvkm 1 xtfl* 21s 
hub t . mis^ 1 ruw, 2 lessm* mriE& 1 as 2 m 

ffi^v HKJ$883ft* iiL t £#38 i 

[ m$g 2 ] mkis 1 sxm 2 mm; < v h ** « tm e p n 

fc twat-r aura** 1 ugBm&mtkftiieFJW 
1 mmn 3 1 mie^Bxai £ * l , awe* 1 a 

tf»2«Sr«-y H#, ^HE3K]RaJLffiWSt««Lh<0 20 

oft»fc**iMS*i*£fc swat 1 t=e 

ftfcaa&os-fby u ^ a^^^*® * wt* ^jb 

wifnep^^ifWBJ: o t fyiE£&i£»^iea$ft 
sett. 

miep m*m#mfrt> fife n sm**Jifc:M*«3 ta 

BtrlE§ I ffi L?«cOJKgPT-HUIE n Cn^nt 

mipm^mfcmizay?? h-t&m2±mmt. £ji 
ail. fnesfiAifai2±«sttf»£3iaiL»*«AT 

[»**5] if-f^^i: LT«tH-**# 



ftfc«S*> 1 1 1 ffiS^Wl¥*fls» £ W-f 4 £ ffiffig t , 

1 Rl/^2^«Sc7)m l»tf£2¥3EflcH£-£tf£ £ 
i:. 

b&iess i Rum 2 *mftm * kis $ ft fcss 1 st/ 
ss 2 ±«si t . mum i 2 ±mmim 1 2s««» 2 

H i fc fc . 

BulESS=S«Sr^ L-CmiE#il«5t^^ L JLO nfflilS 

mi&mmco±£tziz±xt,zm&ztiR^mim 1 uss 
/ * v h t mif e- ftcn -? ^>vmM^-v¥<v—^tznm. 
mztm-tzmismmt. mumi^mm^ 

mrfE^2m^N°-y HhfufE-*f<7)-<">y Mi^7 K« 

[»HJlO!¥ffl*iBHJi] 
[000 1] 

[0002] . 

mt?A — H (LED) f^fJU x ( L 

D) mnttfAtLX. GaN&jfeftfct-SS'fbyy^A 

[0003] flSsfcwH-fbJru ^A^ft^-ft^^Wd:. 
7 7 'f r^SSt UTJSSiWT^t MS . -V-yrJT 

\mwmxh & tz#>. &m±.izmm Ltzmco o*>.m& 

yf- Hcoi p tc^0^3SJS^Iil&-r?.7 : vsw 

ffl^6-33S63 2 3 ft* i 3 tc/-^<0 

«S»MAtt(zG*t &fcv^3 ffi^S*** SftT MS . L 

frL. z wmmmm examm c i & 

gSftSr^L^tc-rr-T. «®h 
IS t i^/J^ 5 2ri£ fco v %r $ ftt v ^ m . 
ag*'^J£^-ri> fc Md jfiTli. 1#RPF4 - 2 7 3 1 7 
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mmzw.&iitimtix^z>. l*>u zcoigmz&^x 

ZmmnmWWKi&klz^Ztf-iX^j: 
[00 0 5] ZcoX d Kfifefc, ^ttc7)S^±tc^$ 

•rfcttTSft^. ,r ttffi*)^tffbfiB«*ffi 
TS-fr&^Hfcft^TOS. 
[00 06] 

tt£*LLfc:ffiffc § *ifc^m»*«3frr^ X IZ& v . 36 
[00 07] 

igMOlg 1 &tf5S2¥3lfWl£3-tf .1 i: i . fulfil 1 

^Wl±tffiffc3:ft*:SfSli£mffii:. mriBJH 1 

Ji BulB^lXtb 3 «3K31fi SriS* L ft v m 1 W * 

■y f z Musttt ztt. mam 2 ¥m#m±tzmt. § n 

t . mmymm Lmntmmmizm-&m&i 1 sa/m 

1 1 . i^&mrn&nmLttzw&z ti^m 1 Rxsm 2 
tmm t , missi 1 &t«& 2 jjawfitEta^^gf 1 
aim 2 latsui t , Hutes 1 Rx/m 2 mmmis mi en 1 

[ 0 0 0 s ] ft& . i z -amm lwrt/w* -v f<o 
immmtii. tmftLmz^-t^mmiziiv&wmz 

WBktZ. #$|HJltf>SI 2 mirt&j&eyr'U 

xiz&^x. mnmiB.vm2mkmtf. 1 so-c-s 
5 ox:<vmAZtt&&mmifrt>m*mzti:& ztz 

[0009] *&W>m3<Q&jmt. 82«9flL£OTA 

^xtfcv^T. iwriE^*«3t*ssfLfionflaai/poa 
7 a mt l . MiBm 1 Rim 2 mm^ y f t Krie 
m2w.&m<7)mi&imt®nMz±^xn$miz®m 
[ooio] ^mwvmwmgte. mi^m^o?^ 



■jxiz&^x. mmmiRvm2jmmit. tm^mta 

[0011] *»g 5( ^|iji, Sg40a^O-rv« 

m: mm l . isnEftaKswiBfeixaj lbs** 4. Mie^ 

[0012] #»!J3<7)S6<Offij£«. ^4IEtg^f-VsW 

v i^fb-^HB^^fei&iswtfto. miti&mmtfs i 

O x N y (x + y*0. OSx. Ogy)HS*»t 

[0013] *ft.WcDM7 com&l±. ^l«<?)fA' 
j xiz&^x . miie» 1 2SU/f3S 2 ±M^ft < fc t,— 

#3SBH*>ai8tf>ffij5«. miO^iiOT-V^x^Jo 
^T. BU!B^lS.^2«^\--y FA^ luiapnS-^^ 

[0014] *»^9<0lA|l ^ 1 comticoy"* 
[0015] *&W<vm 1 0 <^)ffljSI4s ^9 
[0016] *%.ty<7>m 1 1 ^9 CDm*CO? 

;uaiz&\^x. mzimiiiLWtf&mttL. mess 

1 &T/J& 2 t -y F *\ BUlB^BXtb UffiOfiift ft 2 O 

[0017] -*.Wmi& 1 2 WffijSti. |g 1 eMM&ir 
JUMzte^x. milB7t?XttitM*^^ft MIB^ 
11»<7 F*>'HulB3tlXtliL®c7)^g|5tiEa$tL, mite 

m 2 mm; n- •/ f *»iinE3i9Raj LHcowciisn -g, c: 
[ooi8] *$tmcvmi 3<vm£n. 

7r^TA>/i>S*^ftl»5:S»«h. lx— r^isss- 

jgjRr* J: o izmitt&gm±izmmzntzimcvm-it 
*'v^j±mt^^temit^&%mmkt. mas. 

mwmtz^tsztt. mznm*mfam\m%?.v>w* 
mwmx o tffinesRfaas«8t=EK$fL4 z 1 1 . mm 
p m^mfamfr ^ma n si^nftji tie* as s t-ao nr 
if*iB» t ^mz m i^mmmzBtft z titz ? i & 

LMt. mm3\&LM<D&&XmmnW. i Emftmizay 

?7\--thmi±mmt. mzv>m.¥mwmizay?? 
h-?&m23E.mmt. miimiRx/m2±nmtm&\ 
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[0019] *%ty<DW, l 4 <r>mili. & l 3 <rM£k<r> 
v-V M x izte v vt , buIBIS 1 2K«S 2 W * -y H 
tf>JSSffltJttffiK$;h.* C fc Ztmt -fh . #?S B J?)3? 

[0020] *&mnm 1 6 OOSLSWA, H 1 4 4>«j£4> 
T^K-f^tfcWt, ilBSlt&^y K<7)1STT-Bulfi^ 

mm^ -y b^mrx-mmmmm^mmp M4m*#«Jtt 

[0021] ^s9vmm 1 7 nmait. m 1 3 co*s ,6^> 
xtfcwc , mmmzm~W-tiz%mztifc nil 

2SW f p {HUES h =5: * -*f «o v»7 y b » * v H £ 4 
V7>h:7l/-A£jHiU HfflElglSt/m2ffiffi>N°v 

[0022] *ffeHB^ 1 8^4. m 1 70MAtO 

VMfA'v H**iBlftS*i* CI i: tWat 
[0023] *ffcg§0}8 1 9 <7>8l£J±, ^ 1 7<O%i£0) 

wybw&i'y bfflx\ mttftLmizmoftMrn* 
m : mth^£^m£-th. 

[0024] *^BJ<7)I5 2 0 ^1 . S17 <7)M£Le> 
[0025] *^BJc0lg2 1 9"'T 

3as£8EJbt«« $ titimwi 1 1 i^wt^awwi £ 
sr-rs^Jiffiifc. tineaaa[^NW*f««, v3tt«£& 

1 &tfS5 2#«Sc7)^ 1 
Sgft® £-£tr£ t £ , luia^ 1 2 ¥3WWB±t* 
* KIS S ftfcSI 1 XtfSS 2 ±«ffi £ , itu IBS? 1 &tf IS 2 
USPS 1 RlffS 2 "« -y F * ftfla-T & ~ £ £ , mi 
IE*JiflBt^OBa_hfc:iEiftSiifeSe«Jifc. MISSES 

lt fne^«» it£3d# Ljao n »y'p siies 

as 1 « * >y F £ HriE-*tO •? *7 > b «®v >y h' <^-^ 

£ Lxmstt msmiim^y bx *)^^m 



[0026] 

mmcommcomm] 

( m i <^>mM<mm > h i «*fiBj^^ 1 ^mm^mm 
iz&h^mwmtT'U xxhhmtyA b<r> 1 f- 

^>^ji«js«. m^mmmM^m (mocvd 

ft) SlB^TttBLfc. 

[0027] JSlTt. 5ti*i^««3t<0»3iXS*IJi 

& . ffl v ^^ras^wiBCPHi . h y ^ f-^xr y ^ a 

( TMG ) . b^)^)VT)V^=- VJ* (TMA) . bU 
^f;M yi/'T>A ( tm I ) . b'^^^a^y^^a:- 
/UV^>"7A (Cp 2 Mg) . RXfifX+jUi?*? 

(DMZ) fflV^^'XJSt4«. T^- 

[0028] iter. J: o TMU Lfc 

t7 7-f T*1£ 1 1 SrMOC VD SIBWRJEESrt tc«8« 

siio o*c-c^i o^iaojRfflxyf-^^itL, ^ 

[0029] ifct, 5 SOICi-maU 7j<*Sr 

1 5 L/^-. SfR£ 5 L/^-, 7yt-7& 1 0 L/ 
TMGJ25cc /»coSSaT*&4 »H8!rt-i 1 1 

iO. JI?l«/2 0nm«DGaNA' 7 7rll 2ZBf£L 

tz. 

[0030] Jjtfc. 7K*^ 1 5 MR5r 5 L/ 

^\ r^xrSrlOL/^SSEJlT8S£L**«4>. iSJK 
5:110 0°C^#?SL^f*. 7j<3fl£ 1 5 L/^\ 
5L/4K r^-TSr 1 0L/i\ TMG^lOOc 

c 6 0 4MBISW-i 1 1 J: 0 , 2 u 
mWyF-7GaNl 1 3&JBj£Lfe. iXtC. CI fit 
*StJ;^tl0ppm«l^SiH 4 Bcc/ 
»S-JD^. *«;12O4J-|BiaWii:tCj:0. J»S^4^m 
£0nSGaNH4 Z&f&Ltz. 
[003 1 ] at, aS^*<72 0 L/^\ T >^-TS- 
1 0 L/^-&8SL***^*53^HT8 0 OXltxm&l 

tz. z<D&mxmmt:&)2 0L/-ft. ryt-r&io 

L/#, TMGJ 10c c/*, TM I 54 50c c/ 
y^yHOcc/l DMZ$r3 0cc/^sS 
*T3»3 Oftmm-Z £ t i 0, • 1 x/mOD 

A^SI nGaNSMl 5 5»JtL/i„ 

[0032] at, 1 5 L/#, as 5 l/^-, 

7yt-7^10L/^, TMGil00cc/#, C 
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P 2 M g £ 5 0 c c /ft<?>WL&X'm 3 ftWMct Z blz£ 
9. PlGaNI16^MU>:.W: > ii^2 0 
L/#. 7^-75 1 0 L/^^SLW^»3M 
X'l 1 OOtit^BU. £<7>iaKT\ *«£l 5L 

G£l OOcc/^. TMA£5 0cc/4h Cp 2 M 
g £ 5 0 c c /#tf>8HrCift 1 0 4J"HSiE^-i i: tcj; 0 . 
US^O. 3ximWplAlGaNgl7^ML^. 
[0 0 33] mz. lIJ|f)2 0L/^\ 7>t-7J 

1 0 L/#\ TMGS 100 c c/£\ CPi Mg£ 1 
0 0c c/^^MT-^3^raeti-r- t tzX 0 . «£#7 
0. 1 ^m«0 P lGaN3^^ hJf 1 8S:®j£Lfc. 

TMGSl/Cp 2 Mg^lffiiL^St 
3 5 0°C£Tm&L. 3 5 0*C"CSS6Rtf7>'*:- 
7«&ML. Si!*T?SS]U KJE^a^JdMS? 

[0 0 34] ^tC. pSGaNIl 8±fcJlfta<7)C VD 
S&i^fflW^ Si0 2 iXy'7tM^y^MI^® 

olZ^ 7 0 0wmf7ft^#? 1 0 0,um<2><7)Tl2 1 

RJBtt-f sj-vx-yf-y^ifefcjflvvt nSGaNI 1 4# 
Bai^iirx-yf-^Lfe. JEfc, £il^)TL2l£ 

yttc^oT. zmtrntzm 20 u mcom 2 2 w%n 

2 2<0»e7fii3 5 0^m) ZBl&Ltz. S22 

[0035] *(C, S i 0 2 h U'J* hm* 

BfcfcU £®£S i 0 2 ffi£4 OfcJBdcU mzZ<r>±lZ 
Ttec7)?L2 3 , 2 4&cMJCLT^-->?'$ix*:7 * 

X7tUS i 0 2 i4 0^x 7 f^L, SfefcJBJKL 
fcl 0 0//m<?!.£7)7L2 1 kffl'bWltlZ8 0um4><7)1L2 

3 £ , TL 2 3 & *fi&tf8ttT|fi]te: 350w rn-fo^* L 
fcfiMB ( BP*> 1 7'a . y ^co»^8SUtco<aE )C100*i 
m^tf)?L2 4£^j£L*:. 

[0036] ja«Otft«8?5rfc*fc J: 0 I nl^ 

*7*'fT\.\ nmrnm^-y h 3 1 at/p ows/^ h 3 

2t=5r£> I nI»A7-y^EUc. iO^xVN^S 

K 3 1 Xt^p fflOW'C -y K 3 2 5 -y 

[00371SC t77^71Sl l£8 0;um?UK 
iT«iBSfl8U |S2 0jLim<*)i*2 2fciiHT, 350 

u mmmm<v±$ $ tc^- -y r-ft Lfc. n 3 «i<o«ti8fc: 
*Stt*f--y TWEET**. H2+<o«saR-cH*n^ 
1 oof- -v rtcffi a-r s . f&m.<n>*)r v ?°<r> 1 o 

«ft«l:nWK^"» F3 1 tf8®.Zti. ZtLbttfi-t 



ftftaWCpfflWS/ty H 3 2s&*EiS3:h.4. 
[0038]^:, n«Rl^p««Sfc**-*ftf3V»> 

•y 7"<50lSfi|y^y H 3 1 , 32t7>)y MiA' 7 K 3 

6. 37t <r>ffl<7>mg(.tmm±. i n^yyizx^xn 

r>tz. Z<7)^ mms*>y H3 1, 3 2*»£>V7>'hmfiS 
A'7F3 6. 37&I n^y^sgh LSKLfe. 

5^3Si0 2 ^^^Ml4 0±^aoJ:5t 

I n EMM 4 1.42 ZMffrtZ z\ b . 

[0 0 3 9] ±MSCJ: , )V'>yh7^-A3 5± 

^rSGaNayjmflc^«flBt4 5ii. 563Kffl«P n 
nte*%%M 1 5 rtTJgjS-r* t7r^ T»K 

l l ±fc_tT2ri6] te« otll? 4*7.fc«BRo*»fl£« l 

2-1 8tcJ:0flllSS*i*. 

[0040] 1 5 fcfilE/tTffiff-r * nlGaNa 

y^i? M14S^pIGaN3y??M 1 8_h^(4 
¥&eft&M&L%^ n flm^? 7 K3 1 Rtf P (IKH^ 

•y k 3 2*»*«e»3*l*. munLm&vk-t^mmz 
tjft-i., m@^°-y H3 1 . 3 2<7>md»wnutimmL 
ffin&Bmmco 2 5 xaTtiwe $ *i * . 

[0041] &mmm4 5<nmssx/^mta imexftiz 

ti. IBBe^SiS-r* SiO, N y (x + y^O, OS 
x. O^y). 0UitfS i 0 2 . ^«a«|«4 0t=J:9 

I nW&MA 1 . 4 2c0^t i^XTtSWlZimZlx 
6. 

[0 04 2] ^0«ta^r^e^3j— HtJoV^TJi, ^ 
KtiiL®^i3{ti.«^N 0 -y K3 1 . 3 2tfOAftSSiJ^-*i 

3 1. 3 2tm-§^gP7U-Z>i:^S^(i. 7>f^jJ? 
y -r y ?X\Zti: <^y fWBJB 4 1.42 izj: K)ffo 
<DX\ mm^-y H 3 1 . 3 2 *vJn$ < T tM^H5^(i 
$r*»-5fc. ^colS*>^. KH/14 1. 4 2li. 1 5 0 
'C-3 5 0-COl«jSi*^&A«tm*^X3|s:Wfc:*6 

[0043] 3^eS6<OJg®<OJt«ff!l&EI5tC^-. *Jt 
S?WC±5V->T{4. plGaNfl 8^coWMs*'V H 3 2 
S:12 0x/m^. nSG a Nil 1 4 -^c^lllfii^ v K3 1 
£ 1 2 O^m^i: L7t. ClOj; d ftf^ ^Hi3V>T 
«, lefaftSrS* Lfe^ffcT^ 1 c dOftjg-C&o 

[0044] a«3|^>JB!||tctJV^T, flEffi^-y bcomk 

mmrn^^m Lmmmmmo) 2 5 %wt. ip^^ 
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[0045] ie»ttaHKJifc»jR-*-*^^ A<7>& < ii 
#'xA^x#tt£®T£-£4IlCHi:3:4. M^. i«>S 

m^s* -3 t « ffij&^fiqtr 4 ft a k«im>£ < 3&*as 

-r4ft*6fc(4. J.oBUI**ffi*t 
m^Mi. — a3 0 0^mcOlE^M<^LEDT'(i. 

x -y f - >^-fflm*^*co 2 o %sjKT-$>fL(f *mmtt& 
ton- 4 z t ¥X'* . ^ *= i o k £ ^ 

^•btf^fW: £^ 4 2 0 %mS.X'2btUZZ <50#14 
tti LiHtf>K»BBHt*) 2 5 XJaTKRSe t . <I ix^om® 

a^EBSr^jrf 4 - k o . «3te*«t*n±<«* 

-I) i k j&opJHJJ Lfc . 35fc . 7*><"f xn—mfi 150wm 
£#4 «td**&«, x-yf-y^gU6fc/hS<"*"ft i 
•J, M^vKfc'JvS fW**tt*)rtLh 

fc k WUf Lft . 
[0047] *HSfi<0®JB<^»mS:EI 6 ,07* 

mk\^xwmth. 16 (a) . (b) {iflaystof*^ 

»i. 4ft. H7 (a). ( b ) {ift#&t/#^ife<^ 

[ 0 0 4 8 ] 06 ( a ) OlEffi;^ — ^fctJWCte, f| 
3Kffl3 3#J3'J*U>fc#>. 17 (a) <?)J;?3:fBfr^- 
v^WttLsWifeixftv^. -IftfcfcfLT. 06 (b) <o 

mzftytthtitb. mi {bxnz.^i.zmt^f-yn 

4. 4ft. ti^OlWE^-yktiSS: 1 ?, *HSfe<^ 

A xcom&ZmiZ^-Z k ifiX'Z 4 . 
[0049] J: 3 ta|s|lit<^K8k: .tiltf, MSw 

mz^2<Lxftftm®£iz<?hz.k}z£*). 

m<Dft±.z:ltfrhZk tfXZ 4 . iftfcijD*., fBfc'** 
-y«*)!ftttt>|ftLt-r4.rkfc:$:4. «ftfJg<7) 



[ 0 0 5 0 ] 08iifil 1 <vm&<W&Wztt*h% 1 ^ 

mm^ju ^i^-tmmmmmx'h 4 . ^mmx 

it . p (PJM®^" 7 K 3 2 p S« JCitSfSftt L5rv ^T. 

S«tt5. i<iOJ:3*«3t{=-t*ikfc:J:0. XM<nZ 
t>%&M±*te#& ZkWX** 4 . 

[ o o 5 1 ] m9itm i <Dmmcvmm<,ztt-t&m2<D3£ 
a. 03 tc* Lftm i wsafi^SR<o«ffiiaat=jni. 

T . p WHW* 7 H 3 2 3&*3HRaj LH^BSSfT * 2 oct) 

jflt? ; p v -3TEt/'4®sgp^*-r4„ id*>. pmmm^-y 

K3 2*\ 1 OOftffl W^fti^r < . n ffittf s° >x H 3 
1 ^'fSa § tiX v ^=5r c ^SS 4 TJEftt- 4 „ 

[0052] zniozwmzk&zkizj:*). mwm 

WmZk'Zm^hZ. ktcUz. mm.* m?& Z k tfX 
§ . Xftifo ^W*T%-fcjBi S -fr 4 i k 4 . 

( m 2 commcomm )iio {i^^j^s 2 <nm&.<m 

Miz&hmtyA F £^«ISffiliE2T& 4 . ; <0 
HJfe«7)^{4. f-V^X<^4F^fc«^^--y H 5 1 ; 5 
2 . 5 3. 5 4 Lft WirA 4 . ^ CO J: d *mWlz 

«^C0«^k-T4>Ik. EP*>01 OlCtJ^T. 
K5 1, 5 3 £ pSm^cOlffi. fli^^v H 5 2. 5 4 

[0 0 53] L^L. Zco£o%%lWl$. 
t=S^-«tdk:nMRtfpM07U'-A6 1. 6 2^ffi?S 

iSM*^4. ^t, 3^^pI1, l^nSiidt 
^-4m«ik-r4^^. |S]t2ji-roT't5 1S.V5 2 
^Pfflj«ffi. 5 3atf54&nffl|18ffik-r4^rffi&S4 

k^3*T-(i®ixT^4. 

[0054] ( SB 3 (VrnmcDMB ) 0 1 2 «:fcfKJi<9aS 
3<0|lifi^®t«4lfi3t^>f H^^rfilBrTffiia 
T»4. i«*«W)»JBTtt. f^'fX04llltW< 
7K7L 7 2. 7 3. 7 4 £i£W4 kftC. 

m^N"vK7o^iS(tTv^4o ii^7h'7o 

iti/N'7 H87 l~7 4t:to^T-*r*«pffl91BJfiiT. 
ffi^T^ n mW&X'fc 4 . 4ft. (pCvfia^lEffi^ -y K 7 
0(41 2 0//m^T. 8 0/xm*WTT*4 

;k**a* LV\ 

[ 0 0 5 5 ] ±£fi LftIS 1 ftlfS 2 (vmMiommizw 
T(4. Ea^SMEfc^^t. «3t»Ktt>iBrt^ 

^ t^t v 4 *mmmmmmm*ifo 
mzmtix^h&x'mu-hh. 
[0056] (*4 comm^mm ) m 1 3 (4*«bjoib 
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4 <r>mm<mm^hmt^4 y ^^tmsmrth 
h. *%mmmx-\$. n {grass (mm^-y h) sit 
p mm mm^ -y h > s 2 1 * wcsitr* 

8 0tiSiO 2 90*&gffiL 8 5ttGaN^tm*>#Ji 
[00 57] *|&5fitf>?BJBK*JVvt , 3-*om«I(i2 

tz . *mmcommTi± P wwm s 2 £ its 2 0 m <7)ms 
t Liza*. mwmwmitvwm±mmm-&zt «>»r 

[oo58] in 1 Ai±w.A<^mm<^mm^n-th^mm 

m9t=nflR1ta8 1 H8 1a, 8 1b> , 4> 

ffcfcpfflWWi H ) 8 4Mgl Ojum&T 

<»5Sa»ttP«tHl4(C*JV^T±«, n«*T«fcVi-3 

[0059] £ft4T"xB^T #7tSafiOJgJB&^^^ 
t=*N-«53S9BWC«, m«Bi3&*7 ^-A£>£> JlTjSffiL 
HH-feHRWatfBte^-f *- H 5 yycr)±_iMlzM.z.&&<7> 

awm <<i:o £Eaw4 -r t i>^rtra> & . vuw . m 

1 4<0£ttfflkTii. KH^o^fcv^h^— A 
SfflSL. 01 Sk^-Jr-p^-yT-EiB^aifcT- 
«St=SeRT-&S. Bfl*>. -7^yh7^-A{ilSrf--yT 
^Kkr-^irfrT^lfi-rS h'9 1 , 92J 

IBIS L . -y r 2: 7 x -X »7 J: V * . 

[0060] ^iTliSt-^# j£»4. ^^3ri:C9itH 
_b&* "5 & t'iz J: £ p n « ilr<7) ^ g - b * Rft Ofcftfc: , M 

(m5nmm<DBm) mi eiz^BPrnmsnrnMom 

**, ^fcSi£*< 1-10 0>^rttttJt«««'Jixtc< 
V*. f£oT. If7r>f r^szi<^«|-r*<:«)K:«6 

ojk»k:«*--&<i i-20>:*itnK#§ij^6£fc#*H 

4U^. ■ 

[0061] .Icoi 3 fcgSBte&iJofc-*-? r -f T_L?)3I 
ftrr'U XTIi. 116 (c^f J: 3 =Qr£4^*tflS±. 

whmmco$mmzwM (mm^v n 101, 102 

[ 0 0 6 2 ] 3jEf6B^Ji_hi* Lfe#H*fi<^©fc:BR 
■y Kfc LT I nfcrowCfMfcl/C*fcj& t . dflOKSi 



«t(«rl\ 0>RI4\ pffi«(C#L-Ctt, In. A K 
Pt, Ti, N i . Mg. Zru Be, Ge. Pd, S 

fc"«fir*«. It> nSUffcttLTfi. In.Ti, 
Al. Ag, Cr, G e . Sn, A u =5r f(7)#jl. ^® 

[0 0 63] £tz. ftXrrJUAlzm^timmkitWl 

^ffiS-T#F?fjt (MQW) ^>m-i^#F1i3t ( SQ 
W) . iEv^4iih.^^3Bai^tt!|B*8aiDLfcfc^)*ffl 
^ti,J;^„ 4fc. JS^fflaeRtov^Tt, t7r>(7 

»T1ffi"C2b&U 47txf^;KMgAl 2 0 4 ) &t"cr> 
mm^c a F 2 =5: t'(DiMtiM£m\> ^&c\ti> TTffi-c* 

I). 

GaN^k-&HBifi»«ctmfc:RB4<>^T«5flr<, III — 

tfT'Zh. &tz* BtBtStfefcMOCVDftfclRitWC 
«4^<. ^IgJltf^^^- (MBE)^W K^-f 
H«SB«»^ D7-f KJSiPtSrfflV CVDa=Srt't:j;|,I 

[0065] < $ 6 commcomm > <xc ^^B^ir^is 

[ 0 0 6 6 ] 111 1 7 (4*?fcBJfcO|g 6 <0HJft^)»JBtffi* 

aflyiry A^-fk-^j^^u— rf-'yvv 7,200^ 
•rmiisiaT-j)^. OTtciai 8 ( a > — ( d > 

[0067] EI 18 (a) fc^"TJ;3fc. Cffi^^ffih 
ti^r-f 2 0 1 ±£W«&KS«BJ&K8c ( M 
OCVDS) tdiOGaN^Wpf&flWL. P-lfftJB 
S*»fi!t'f-&^*flBiS'JBJSLfc. a' 7 7t1T" 
*6GaN^«l«Lfca. nlGaN3y^^M20 
2. nIGaAlN?77Ki203, InGaNffift 
1204, P lGaAlN^77K12 0 5 > P IGa 

»4MOCVD&tJ: 9i£ B B B j£*£flo*:#. MBE^f 

[0068] #ilz, MIS ( b ) IZTjk-fX 0lZ^ 7*Y 
'jy/57^tJ:Ol/y7N^-y2 0 7 ^^fig L 
fc. Ux7 2 0 7 ^777 t Ltllffl 

U ci 2 #7&fflv*astt^ ^-y t'-Ax 7 f 
(RIBE)fcJ:0. ^««BSfc:ai2 0S*JgritL3t. 
i208li, pSGaNny^-? hi!206. P |Ga 
A1N777HI205. I nGaNvStt/f 2 04. n 
iGaA 1 N7y-v K^20 3arSML, nSGaN3 
y??hm2 02lzm-?&J:olzBf&.Ltz. 
[0069] X 7 f>y'77^207^UA H 
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18(c) t^rfidt, ?x;v£BfcS i 0 2 120 

Xmmt. Si0 2 JBI2 0 9£x.yf-y?-LTn{!«® 
ffl«oraP^?«2 0 8c75jggp^^L^o 5SK, 
£ffiofc!J 7 h*.7ftfcM#>3£*?£ti 0 . nfiflttffifc 
n$mmzi%18iZti?<i9M^-v h*2llfc£J&£Lfc. 

[ o o 7 o ] <^{c, hi 8 ( d ) t^-r i at, 7 * h 

^W^->*7^fcUfi!fflL. S i 0 2 1209 
* »iRx -y >^ LT P IG a N« 2 0 6 £ft£ij $ -£ 

pfflUKSXVpffllllffiKiSaSilfelBffi-'^'y F2 1 2£ 

[007 1 ] ^tttf^HSteiitvai, n(IJ1tffi^-y H 
2 1 1 fc pfflW?-y F212 kf4S$#|3]-^ffi-tt 

fhCKiLtnlKfr^ K2 1 1(4. pflMffi^-y 
¥2 1 2^«^$tL^Mi:iS§* i |5l-^- , ?-±tffM$ 

[0072] «**>w-w<-f ^aeaTii, 

8LL«0 P ffilW * vFtn flfl W >° -y H 3 <75S& h 
(4b — h i^y^^O 4 o Jfir^^ ^ b 7 U—A±o P {IltlS 

com oa^t «t onffiiaoi' 3 -b^t^^raja^ 

[0073] Ztl£ttLX*m&<V&1Rlz*&Stlttf , J 
:/>-?^<7)^y ha^^t&O. v7vhB#t^t" 

[0074]^. *mm<v&&xn, mm* hy-ir 
ms&ni'—VTJW xzmizmf tbhh Lfc#, num 

JEffl-$-4£fc#"C&&. ifc, Hl9t^-TJ:ot, n 
IGaN3^?M202^nMU -e<9±S5 
t n IffllKffiA 7 K 2 1 1 LT t> 4 V 

[0 0 7 5] (S7<?)it6«) 02 0(401 7ii 
co^^b— X 2 0 0 <?>9kttiV> 
TBSSKUBS V*Vh7l'— A 3 0 1 (3Rffft&RJB&^ 

[00 76] 02 0 t5rT 4 3 tc . W, 6 «0SBSfi(?5?BBST* 
IftBfl Lfc^SffcU— r-rVNM 7>200&, PRfcfb - h 



A301 £02 1(a) iCjjrT. 77yh7L — A3 0 
1 ±C0 n H«& N°-y H 3 0 3 P fflUKfli^ -y h' 3 0 2 
{±-7 >7 V h f * 1/ —fir* W^200 OlE&ISIHg 

7 K 3 0 2 . 3 0 3±t(4^>*'tt3 0 5 t WgRJBf U 
fc. ^0^ T 7Vh7U-A±t*«*l^-if'f-"ySWX2 

[0077] *mL<mwnRm±. ^m^—vr^ 

^^2 0 0a^yh7U-A3 0 1C9, Wfft<7)p 

C^^fLTV^ihi:. •*fy i ;UX2 0 0 

**-7>7 >h7 ]s — A 3 0 1 ±t^> ^ 3 yt 

[0078] flaw) v?y b 7 

gussr^L. m%&mzcDw±iznmmm^'y 
h air p ffiom^ ■? -y h ^ ffiift-r & . - oo^ra tu ;v>) 
yh7 u-A^snas fc smwti^— x^sngu 

jet, iWEffl^N^fciK^jfiw*** 

0 , 3 - b lz£&?;U xgtttf 

mmt^h. z\tuz*tLx*$m<nfm&*tu£* ~?>y 

[0079] Srfc. igA- 7 K<0?^R{i^co«fc 
TtJ:<. flflitf, 02 1 (b) tSrriofcV-f-^ 

(m8commmm) 022^01 im^^-mwi— 
ifx^M x 2 0 0 z*$t,m<7)m8commcDBmizffiz,-? 

[0080] -<")yh7l/-A4 0 lt{iV7>h-rS 
^•^U-ifx^M X 2 0 0c7)flg i 0 «,/£l^»4 0 4 ^ - 
-f 0»^J£B5t{±«ffi^>y K402. 403 
**ElftSix4 . ^SlfltU— !f x'^M X 2 0 0 * s v<7 y h 
7l'-A4 0 1CM§^i I t'^ y+^i/s^ 
«7>T:'V7>h$fLS. ?»4 0 4141'— tFvW* 2 0 

4: 0 , a m»*W'-ir^M ^ 2 0 0 Jbfcy&SSfifclME 
^Hi:, 7>>yb7l/-A4 0 l±fcUBjS$iiJt1|M5 

[ 0 0 S 1 ] a»«»<0»JBTtt. 02 3 ( a ) t5jrf 4 

ai«ar/iKffi?^KO"7^yh7u-A*ffl^43&«, 0 

23(b). (c), (d) lZ*-?£o%mttW7> 
h7U- A^fflV^Tt4V\ 

[0082] (^9^HM^JBS) 024(401 705S 
O^jSNsL-— !f v-'A-f x 2 0 0 Sr*f|Bj^)gg 9 tf)SUfi«0 
JBBfcflkiV^^ h 7 U--A 5 0 1 fcBtt»tfc#JR£* 
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[0 0 83] V»b7l/-A50 l<7)m-m±lZnW 
rnW^-y h' 5 0 3&tfpffl!lffi?i^y H 5 0 2a*IEfS£il 

^^U-ifT^W X2 0 O^HJ: 0 t»E^@Z>3l5 0 

Vh7 5 0 1 KT^KStlfcHSE^-y K±t= ^ 

V t-ffl*M 5 0 1 ±<7)«^ -y h'HfcHi» 5 0 4 #JBj£ 

c o o 8 4 ] ^mmeommx'it. 122 5 ( a > t^-r «t 

25(b) fc^idfcJBlfcO-^^h^U-AfcfflV* 
TfcJ:^. @2 6te5rfJ:3$:J»5 0 4fc:*ffl?$- 

siKffitflat 5 o 8 & 3rr ■& »*w>v? > y y is- a £ 

[00853 ( » i o cvmmmm 1027 ii*^^ 
m oconift<ojgst:«6iii mm-im^m^-^ 

tM ^600 jftSrlHIffiErc** . 

[0 0 86] WU-ff^X6 0 0(l Cffl£± 
B5i:^-*Ji*«;6 0jum^7T-fTa6«60 1. BP*> 
tt*ttfflKfc*r$- h. t7r>( T*«*6 0 1 itttJSlT 

[0O87]5fc-f. S«6 0 1_tfc:tt, GaNA' 7 7r 
1602, GaNp D pfSfi6 0 3, nIGaNny? 
^hS6 0 4MHICiei£$n-i». M6041 

fcu±. nfi«®6 2 iimj&ztL&imi;w<?Mft£. 

AlSW7WnlAlGaN?77b'1605, nS 
GaN^ KJf 6 0 6. ^fii^#F (MQW) *f§jt<7) 
vStt/16 0 7. pSAlGaN (Al«2 5%) cr># 
—;<—7X3-ffi±m608. plGaN*MF16 0 
9. A 1 mf£7%cr,pWA 1 GaN^77 F16 1 0, 
piGaN^i3^?M6 l l:MGfc:£R&h.*. 
ayj'? MS 6 l i_tfc:fcL «a««e«JiS-JBiR-r4)t 
ft<0lBP»2r^-4nffi1ia[7'n.7^JB6 1 2#M£ 
ix. JEfc, ^Sr^3pSGaNH2 3^^^hJi6 1 
3. Sia^ft^-v'JTvlSpSGaN^Sny^^h 
Jf 6 1 4jW«fcB!fft3*tS. 

[0088] nl3^;M604i'f,piS33y 

6 2 0jWBfifc£:h.4. nS3^?M604S 
l/plry^; hJf 6 l 4«o±(-c(infflim® (Hffi^-y 
H ) 6 2 1. pMWM < W*>y K ) 6 2 2#9c*ffi|fc 
$ tth . n HIES 6 2 1 «*®f*«0ffl*» tTil. Au 

Lfci*&**u pmrnme 2 2«*«# 

IW^Ptl. Til. Pti. AuJiS-miClSJBt 



[008 9] £^J:3*«atSr*^&GaN##*flO' 

[0090] «35^tt^Sfc LT. HRt=A*if*ffl 

4» . £ tf> i 3 4Kiiffll«^ha >f ^-TlivSttJSTSI 
£^Sfc*^i<^.Ifc{±fflircS>*. ifc, Ga 
N^mmc^ffifB&U. 31*. t7r>(7li±tjg 

lot, attJl<^*S«Sr5S-*-ii:ii5gfc:»K=S: 

[ 0 0 9 1 ] M2 8ii. *»* s Sfij^CS-?V^T, H2 7 
H^^^lx— f^/UX (f77) 6 0 0*?7>- 

h 7 u-a 6 3 0 izmmteW£t:^~twmwmmT$> 

h. V7>h7^-A6 3 0{i«faTJHT, WfflW=nfitl 
Xtfp«Mfc*&-*rtf>-e'7>' h«ffi^<y H6 3 1 . 
6 3 2**^6. fA^ (f-v7) 600t77yh 
7U-A6 3 0t{±tf*^iJ*6 3 3 Srtf-LTH^ft. 
^, . f" X 6 0 0 O nflSl^ffi ( fllfii^N'-y H ) 6 2 1 t 

ztLizttfc-t&^vyhmm^v H6 3 1 tti. si**) 
^>r ^ >-^"v-f-^6 3 6t=«fc 

[00 92] fte*-. tVnV X 6 0 onpMMM 
•y F) 6 2 2 ;W:MtSv7yMgA- 7 K6 3 
2hti. tt«W6 2 0±fcHRt?/UtI niiill6 4 2 
tJ:0«»Wt=««8Sn4. I nfBBU16 4-2tt. Ga 

u^mi^co^mmm. ^t=jgtt»6 0 7, at^pflw 

162 2tpil61 4 fcO-^fflT^-r^^^^'-r 
JtftOjWRSSWfc LT«flg^-4fc«>, mm^y K 6 2 2 
J:0^#V^Jl$&^rs. Inl«i6 4 2liInAy 
^?&lK&"?«y h* 6 2 2*^m@^°>y H 6 3 2 iT'M^ 

[00 93] &i3. ffil8UB6 4 2*®BR't4fc«>WN>' 
/«HSt LTIi, In* Au. S n^Ztl^COS 

[ o o 9 4 ] H2 9123? i o9m<mm<mimt:^t 

TAMX6 0 O^nfiONtBE (ffi^N'-y H ) 6 2 1 
£rt.fc*tJ5-f bAffi^y H 6 3 1 1> . 16^6 

2 0±lciEf££iU: I ng^«6 4 1 tcj; OMMmzm 
WtZtlh. I nKIS16 4 1{2. 2Sg»SB«fc LXWiZt 

htitb. mm^y K6 2i io^^vwss-^-ri.. i 

ni£IS/16 4 1 « I n^y^SrHSffiyC-y K6 2 1i)^l 
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ffi^«y V 6 3 1 - k £«fc . 

[009 5] #9*flcU— r f^-f X 6 0 0 
^<{ivStt«6 0 7. &U : 'pfflPMS6 2 2kpS/f 6 
1 4 k <0#HTf6^4 . £<9fc*>* dii&fcraBWfc: 

<ox\ n fluogEtguB 6 4 1 t p tu t isi«=srisaft«tJi k -r 

[00 9 6] (SSI lOHJfi^JB) 03Ofi02 70 
^0¥&#y— <-f X ( «v 7°) 6 0 0 £* 1 1 CO 

[0097] 7^yb7U-A7 3 0^ybtS¥ 

awitu— r x6 o ooiisi o tjEi^*7 3 5 

17 3 5|*lt*5V^T. (f77) 6 00 

fc V7 y b 7 y-A 7 3 0 k liSafJWJI 7 3 3 5-^-LT 
H5££:fl4. S7 3 5«WIKI4fA'f ^60 0 coffin 
ferty K 6 2 1 . 6 2 2 fciS § £-£*rtt Tt^Pfflgfl 7 3 
6. 7 3 7*9BJ£3*U *<a±C nfflJ&l/pfflM£ffifc 
^I.-»«7'7>'M1^*7 K 7 3 1 , 7 3 2#IEI££ 
fl4„ 7^7.6 0 0<50flffi^-y H6 2 1. 622h7 
>?yHgA7K731, 7 32tli. I nfEISJl 

741. 7 4 2i > z£*)mfimzm%i%tiz>. inlets 

741. 742 ii. Ga NJkmW&i&MWSrCl&kl- 

^ 7 K621, 6 2 2j:D*#V^^tt§„ 
[0 0 9 8] InlBBUi74 1, 74 2(1 I nA^' 
ZWM^-y ¥62 1 frbW&lv K7 3 1 &Z\ RX/W, 
7F6 2 2*' f.tlA* 7H7 32S - k 

fcJ:i5#Jft3*i6. EI*Ji74 1, 7 4 2*MtW 
ft^Ay^flfflt LT«. mi O^ifi^JST-a^ 
J: 3 t «Sr«ffl"t* £ k & . aWWfcWWJBT 
id. mi onrnmo&mttb^x. f-y-rtwyhy 

[oo99]^^i o&x/m 1 1 commcomm^m 

Hill I ^g-m^aS^P— (fT-VNMX^UT. f-v 
7° k v ^ y h 7 U— A fc tf)|S|e>ffi» Sr Mffi £ *tfc*mtt 

*»t=Sr^. BHWJtcoia-tclBatSriOieo 

. as*?- * »rigtt«oa saw*** * * 

fctf>, ^fSBjjfc J; O^Wtififfli-S - k 3&*C3 4 . * 

*#Ux4. 
[0 100] 



m^-v Ftwmm&u^-xyrj . ^ 

y ^7 x -7^'*7 yx-fir d i k tci 0 . -y F# 
/JvS<Tfc^*S»*fr3£ ^T, 

£ . K^^-T4ieiS^tg^&+^HcW3 i 

ka^ffikSrS. f77^1I^-7Fi:77yh 

B^Wmmiz J: 0 . fi= 3 i k fc i 0 , x^iSSft^ 
1xSrf6l±$*4^k7& J T'#4. 

[mi ] *^bjo^i commcDBmizi% 4%^m^-- 

[ s 2 3 sb i cvmmnBmiz&z >y yiz^m 
-r4frw*JiSK*jft4 3y^^ h?Lai>'x^7-f 

[H3 1 ss i commcommizm^^yty^ it- v<^mm 

[i43ii cmMn&miz&zmtyj h*v> 

[05 3*1 ^M^mi(w^-r 4Jt*SEWO^^ 

[H63 ( a ) . ( b ) ji«e#&i>'is i co^mmcoftm 
[073 < a k ( b ) ttflaysivjs i vmmcommiz 
[08 3 m i <^mmrmw>zn^h% 1 o^^jco-rvs- 
[093 *i commcomm^zm- 4*2 nscmmnT** * 

[0103 *¥&ncDM 2 comm^mm.^ 4 sbe^ ^ >t- 

- h £^-r¥® y -f r ^ h 0. 

[0113*2 commco&Mlzi$ 4v^/yh7y-A& 
[012] *^<0lf5 3«05QfiOjeS^fiR4IBt^3f 

[0133 ifwmmAcommmmwik&mtyj* 

[014 3 *4<^HM^®^-t4^^J^^-f-^ISr 
ffl!l®0. 

[0153 w.A<^mm<Dmm<^mm%hmtyA^ 

- k ^^»7 y h 7 y-A tBX#^7t«ffi^^-r^KiriiiM 
0. 

[0163 im*%(r)W.5<r>mm.<mimz\%%>mty4 * 

[017 3 *^BJ^*60HJfi^®S?i^4¥«f*y- 
if' r^W 7. &^S£SfrLim0. 

[0183 ( a ) - ( d ) i±m6<mm<nmm<r>u—f 
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0. 

[02 0] 01 7ii^fti/- T^VnM^S:*^ 
^£^-?«ffijffi0. 

[Ei2i] (a), (b) <nmmmm^h-7 

[[212 2] HIl 7i^i*l^-ffAMX^« 

<7>m, 8 (Dmrnnrnmizu ^^vhyis-Mzmmtz 
[023] (a)~(d) terns (vmmcoi&mizfo i v 

[02 4] Ell Tia^O^^U-if^SW^Jr^BJ 

im2 5 ] ( a ) . ( b ) \±^,9<nmmmmiz^h-? 

[02 6] HI 7 0^<7)¥*Sft Zm9(7) 

mm<vmmiz{%&w.izm<v-?iyyh y v-Mzmmtz 
[H2 7] *^Bj<^mi onmmnBmitz&ziu mm 

[128] H2 7EbS<0*»<tcU— f7-V\MxSrV>>- 



h 7 u- A ^W#^^^^t-^OTJM[21. 
[02 9 ] mi Olffi^i^IH^itlltll 
B9. 

[03 0] 12 7@^#*W-f fAM 1 1 

<nmk<mm,z\% h^-yvvyv-^ \zm*\r&m& 

1 l-t7 7^7il 
1 2-GaNA' 7 7rl 
1 3-7yK-7'GaNI 
1 4---nMGaNjl 

1 5 — 1 nGaNMl 

16- - P MGaNjf 

1 7- plA 1 GaNf 

18- pIGaN3y?^M 

2 1. 23. 2 4 - ?L 

3 1. 3 2. 5 1~5 4. 7 0-7 4,-f77l|A- 
•y K 

3 5-7-?yh7W-A 

3 6. 3 7-7>>yMlA' 7 h* 

4 0-W 

4 1. 4 2-IE8UB 



[01 ] 



[02] 



[03] 



p-c 

mGQN- 



i— " ——15 \—/r~y\ rT — 



n-GQN 
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ABSTRACT : PROBLEM TO BE SOLVED: To enlarge the light-emitting area of light extraction plane 
side in a semiconductor light-emitting device. 

SOLUTION: A light-emitting diode has a GaN based multi-layered structure 45 arranged 
on a sapphire substrate 1 1 . A pair of electrode pads 31 , 32 are arranged on the light 
extraction plane side of the multi-layered structure 45. The whole projection area of the 
pair of electrode pads 31, 32 to the projection area of the light extraction plane is set not 
more than 25%. The pair of electrode pads 31 , 32 are joined to electrode pads 36, 37 of a 
mount frame via solder wiring layers 41 , 42 arranged on an insulating film 40 covering the 
side of the multi-layered structure 45. 
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